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Abstract
Background: We investigated the association of living alone with mortality among older persons, independently of
marital, health and other factors, and explored its effect modification by age group, sex, marital status and physical
functional disability.
Method: Using data from 8 years of mortality follow up (1 September 2003 to 31 December 2011) of 2553 participants
in the Singapore Longitudinal Ageing Studies (SLAS) cohort, we estimated hazard ratio (HR) of mortality associated
with living alone using Cox proportional hazard models.
Results: At baseline, 7.4 % (N = 189) of the participants were living alone, and 227 (8.9 %) died during the follow
up period. Living alone was significantly associated with mortality 1.66 (95 % CI, 1.05–2.63), controlling for health
status (hypertension, diabetes, chronic lung disease, stroke, heart disease, kidney failure, IADL–ADL disability and
depressive symptoms), marital status and other variables (age, sex, housing type). Possible substantive effect
modification by sex (p for interaction = 0.106) and marital status (p for interaction <0.115) were observed: higher
among men (HR = 2.36, 95 % CI, 1.24–4.49) than women (HR = 1.14, 95 % CI, 0.58–2.22), and among single,
divorce or widowed (HR = 2.26, 95 % CI, 1.24–4.10) than married individuals (HR = 0.83, 95 % CI, 0.30–2.31).
Conclusion: Living alone was associated with increased mortality, independently of marital, health and other
variables. The impact of living alone on mortality appeared to be stronger among men and those who were
single, divorced or married.
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Background
Increasing numbers of older persons worldwide are liv-
ing alone. As much as 50 % of older women in coun-
tries in Europe and North America live alone [1], and
although the figures are considerably lower in Asia at
less than 10 %, an increasing trend is unmistakable [2].
Living alone as a proxy measure of social isolation and
the lack of social support is of practical interest and im-
portance because of its potential negative impact on
health. A substantial body of evidence supports a link
between social isolation and emotional stress, adverse
health behaviour, poor access to health care, and ad-
verse health outcomes [3–8].
However, studies of the association of social isolation
with increased mortality have yielded mixed findings
[9–31]. Although some studies have found that living
alone or loneliness was associated with increased mor-
tality [9–19], other studies have found that living alone
did not have a detrimental impact on survival [20–23],
or paradoxically, was associated with decreased risk of
mortality [24–26]. In some population studies with
findings of null or negative associations, older persons
who live alone, compared to their counterparts who live
with others, were found to be in no worse physical
health and functional status [20, 23].
Older persons living alone tend to be over–represented
by those who are un–married, widowed or divorced, among
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whom negative health behaviours and status are more fre-
quent [32–34]. Notably, a meta–analysis of 53 independent
studies shows that being widowed, divorced, and never
married was significantly associated with greater risk of
death [35]. Not all studies of the impact of living alone on
mortality have controlled for the effect of marital status,
(17, 18) and therefore the independent effect of living alone
apart from marital status appears unclear.
Mixed findings of the impact of living alone on mor-
tality may reflect heterogeneity of effect across differ-
ent studies of populations that varied by age, sex,
economic and marital and health status. The significant
heterogeneity of effect due to age is amply shown in a
meta–analysis which found social isolation being more
predictive of death in samples with an average age
younger than 65 years [27]. This is corroborated by a
small number of studies which stratified their analyses
by age groups, and found living alone to be associated
with higher mortality among younger participants, but
among older persons (aged 75 or 80 years and over),
living alone was not associated with increased mortality
[17, 18, 20]. Other studies have found that living alone
was associated with increased mortality more strongly
among men than women, or only among men but not
women [20, 28–30]. Some authors argued that living
alone was not associated with increased mortality be-
cause older persons who live alone are more likely to be
a self–selected population of those who are in good
health and independence in the basic activities of daily
living, (28, 31) which are known to strongly predict sur-
vival. Older persons with physical functional disability
and therefore high mortality are less likely to be living
alone [24]. The association of living alone with mortal-
ity may thus be moderated by age, sex, socioeconomic,
marital and health status.
Prior studies of mortality associated with older persons
living alone have mostly been conducted in economically
advanced countries in the West and Japan. Few studies
have been reported in Asian countries (excluding Japan)
which have the fasting ageing populations in the world.
In Singapore (population 5 million), the proportion of
older persons aged 65 and above is expected to increase
from 12 % in 2014 to 20 % in 2030. At the same time,
the number of older persons living alone (most of whom
are single, divorced or widowed) is expected to more
than double in 2030. (Population Trends 2013 report of
the Department of Statistics) This population–based
study investigated the association of living alone with
overall mortality among older persons in Singapore
using data from 8 years follow up of the Singapore Lon-
gitudinal Ageing Studies (SLAS) cohort, from September
2003 to 31 December 2011. We assessed the baseline
self–selection characteristics of age, sex, socioeconomic,
marital and health and functional status associated with
living alone in this Asian population cohort, and de-
termined the independent effect of living alone on
mortality controlling for the confounding effects of
socio–demographic, marital and health status. We
assessed possible heterogeneity of effect of living alone
on mortality by exploring statistical interactions and
describing the association of living alone with mortal-
ity among subgroups of older and younger partici-
pants, men and women, those with and without
physical functional disability and married and unmar-
ried (single, widowed, divorced).
Methods
Study population
Between September 2003 and December 2005, a whole
population of older adults aged 55 years and above who
were Singaporean residents in contiguous precincts in
the South East region of Singapore were identified from
a door–to–door census and invited to participate in the
Singapore Longitudinal Ageing Study (SLAS). The re-
sponse rate was 78.2 %. All participants provided writ-
ten informed consent. The study was approved by the
Institutional Review Board of National University of
Singapore. Full details of the survey procedures and
baseline study variables and data collection are de-
scribed in previous publications [36]. In this study,
baseline information on demographic variables, medical
history, physical functional status and mental health
status were collected from face–to–face interviews con-
ducted by trained nurses using structured question-
naires at the participants’ home.
Baseline measurements
Living arrangement
Respondents were asked during the interview “Who do
you live with?” The close–ended responses include (1)
live with spouse, son, daughter, grand–children, other




A housing index of socioeconomic status was con-
structed based on the participant’s report of housing
types: low end, 1–3 room public housing apartments or
higher end public housing with 4 or more rooms, or
private housing (apartments, condos, landed housing).
This has been shown to be a robust indicator of socio-
economic status for the Singaporean population [37].
Medical comorbidities
The number of medical comorbidities was obtained
from self–reported history of medical conditions diag-
nosed by a doctor and corroborated by the report of
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specific drugs, diagnostic or interventional procedures,
and laboratory test results. The presence of hyperten-
sion was defined by self–report of hypertension with
anti–hypertensive medication use, or blood pressure
measurement (untreated hypertension: systolic blood
pressure (SBP) ≥ 140 mmHg or diastolic blood pressure
(DBP) ≥ 90 mmHg); diabetes mellitus was defined by
self–report of diabetes on anti–diabetic medications, or
by elevated fasting blood sugar (untreated diabetes:
fasting blood glucose ≥ 7.0 mmol/L); stroke from self–
report of stroke or transient ischemic attack; myocar-
dial infarction, atrial fibrillation and congestive heart
failure from self–report, ECG evidence and/or use of
appropriate medications, or interventional procedures
such as PTCA or CABG; lipid abnormalities from self–
report of high cholesterol and use of lipid lowering
drug use or abnormal lipid panel results (Total choles-
terol ≥ 6.5 mmol/L or low density lipoprotein (LDL) ≥
4.1 mmol/L or triglyceride (TG) ≥ 2.3 mmol/L or high
density lipoprotein (HDL) < 1.0 mmol/L) [38]. Other
co–morbid conditions included self–reports of cata-
racts, asthma, chronic obstructive lung disease (COPD),
arthritis, hip fracture and other problems. Multiple co-
morbidity was defined as 2 or more comorbid medical
conditions (versus one or no medical conditions).
Depression
The presence of depressive symptoms was determined
by the 15–items Geriatric Depression Scale (GDS–15)
with scores ranging from 0 to 15 [39]. The GDS–15 is a
valid and reliable screening tool for depression. In val-
idation studies of Singaporean older adults [40], its
Cronbach’s alpha was 0.80, intraclass coefficients of
test–retest reliability was 0.83 and inter–rater reliability
was 0.94. Using a GDS cutoff of > = 5 denoting clinically
significant depressive symptoms, the GDS–15 has a
sensitivity of 0.97 and specificity of 0.95 (area under
curve of 0.98) for determining major depressive dis-
order according to DSM–IV criteria.
Functional status
Self–reported physical functional status was assessed
using 10 items from the Barthel Index of Activities of
Daily Living (ADL) [41] (needing assistance in feeding,
bathing, toileting, grooming, etc.) and 8 items in the
Lawton Instrumental Activities of Daily Living (IADL)
Scale [42], (needing assistance in using telephone, tak-
ing medicine, travelling, managing money, etc.) which
has been previously validated for use in the local popu-
lation [43, 44]. Likert scores of IADL and BADL (0, 1,
2) were summed with maximum score denoting no dis-
ability, and summed scores less than the maximum
score, denoting at least one disability.
Mortality follow up
The mortality status of the SLAS participants during fol-
low up from baseline up to 31 December 2011 was de-
termined by using the participants’ unique National
Registration Identity Card (NRIC) number for comput-
erized record linkage with the National Death Registry
through the National Disease Registry Office (NDRO) of
the Ministry of Health.
Statistical analysis
Comparison of baseline characteristics between study par-
ticipants living alone and participants living with others
were performed with significance testing using T–test for
continuous variables and χ2 for categorical variables. Sur-
vival analyses with Kaplan–Meier plots of survival were
performed on time to event (death) data, which were
censored at data of death or on 31 December 2011.
Univariate and multivariate Cox proportional hazard
regression analyses with testing of proportional hazard
assumption were used to estimate hazard ratio (HR)
with 95 % confidence intervals (95 % C.I.) of mortality
rate associated with age, sex, housing type, medical co-
morbidities (history of hypertension, diabetes, heart
disease, chronic lung disease, stroke, kidney failure),
functional disability, depressive symptoms, marital sta-
tus, and living alone. The hazard ratio for living alone
(versus living with others) was estimated in a series of
hierarchical regression models adjusting sequentially
for demographic and economic factors (age, sex, hous-
ing type), marital status, and health factors (medical
morbidities, functional disability, and depressive symp-
toms) in the whole population sample. To assess pos-
sible non–homogeneity of effect of living alone on
mortality, we explored statistical interactions of living
alone with age group, sex, housing type, marital status,
and IADL–BADL disability. We presented stratified
data to describe mortality associated with living alone
for sub–populations defined by age, sex, house type,
marital status, and physical functional status. To obvi-
ate poor power or sensitivity in significance testing to
detect interactions that are substantively important, in-
teractions with a p–value lower than 0.15 were deemed
to indicate substantive heterogeneity of effects that
should be further investigated.
Results
From among a total of 2804 participants, we excluded a
small number of 193 non–Chinese participants and ana-
lyzed the data of 2553 Chinese participants with avail-
able data on living arrangement in the present study.
Participants lacking data on living arrangement (N = 58)
were very similar in almost all characteristics to those
who were included in the analysis.
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Among 2553 SLAS participants at baseline, 7.4 % (N =
189) were living alone. Participants who lived alone com-
pared to their counterparts were more likely to be older,
female, living in low–end public housing, and single,
widowed or divorced. (Table 1) Participants who lived
alone did not differ significantly from those who lived with
others on the mean number of chronic medical conditions
or IADL–ADL disability, but they had significantly more
depressive symptoms.
Up to 31 December 2011, a total of 227 (8.9 %) par-
ticipants died. Table 2 shows the expected increased
mortality associated with older age, male sex, residence
in low–end public housing, being single, divorced or
widowed, medical morbidities, IADL–BADL disability,
and depressive symptoms in univariate analyses. Com-
pared to subjects living with others, participants who
lived alone showed significantly higher mortality rates.
(Table 3) The hazard ratio adjusted for age, sex, hous-
ing type, marital status, history of hypertension, dia-
betes, heart disease, chronic lung disease, stroke, kidney
failure, IADL–BADL disability, and depressive symp-
toms (GDS ≥ 5) was 1.66 (95 % CI, 1.05–2.63, p = 0.031).
In hierarchical models, the hazard ratio associated
with living alone that controlled for sex, age and hous-
ing type in the base model (HR = 1.80) was not changed
by the inclusion of health factors (HR = 1.84), but was
substantially reduced by the inclusion of marital status
(HR = 1.47).
In exploring possible effect modifications, no tests of
statistical interactions were significant at p < 0.05. How-
ever, possible substantive effect modification by sex (p
for interaction = 0.106) and marital group (p for inter-
action = 0.115) were observed. In stratified analyses,
(Table 4), living alone was more strongly associated with
mortality among men (HR = 2.36, 95 % CI, 1.24–4.49)
than among women (HR = 1.14, 95 % CI, 0.58–2.22), p
for interaction =0.106), and among single, divorced or
widowed (HR = 2.26, 95 % CI, 1.24–4.10) than married
individuals, (HR = 0.83, 95 % CI, 0.30–2.31), p for inter-
action = 0.115. Higher mortality associated with living alone
were also observed for younger old (aged below 75 years),
HR = 2.03, 95 % CI, 1.09–3.78), and those with no IADL–
BADL disability (HR = 2.12, 95 % CI, 1.09–4.14), but with
significant tests of statistical interaction at p > 0.15.
Table 1 Baseline characteristics of SLAS cohort in 2003–2004 by living arrangement status
Living with others Living alone P
Total 2364 (92.6) 189 (7.4)
Age (mean, SD) 67.6 (7.4) 65.9 (7.7) 0.002
<75 2063 (87.3) 158 (83.6) 0.33
75–84 255 (10.8) 27 (14.3)
85+ 46 (2.0) 4 (2.1)
Sex: Female 1470 (62.2) 148 (78.3) <0.0001
Male 894 (37.8) 41 (21.7)
Housing type:
Low end (1–3 room) public housing 652 (27.6) 121 (64.0) <0.0001
Higher end public and private housing 1712 (72.4) 68 (36.0)
Marital status: Single, divorce, widowed 487 (20.6) 157 (83.1) <0.0001
Married 1877 (79.4) 32 (16.9)
No. medical comorbidities, mean (SD) 2.31 (1.5) 2.42 (1.4) 0.289
≤1 761 (32.2) 54 (28.6)
≥2 1603 (67.8) 135 (71.4) 0.304
History of hypertension (yes) 1313 (55.1) 112 (59.3) 0.270
History of Diabetes (yes) 405 (17.1) 34 (18.0) 0.764
History of Chronic Lung Disease (yes) 89 (3.8) 3 (1.6) 0.124
History of Stroke (yes) 91 (3.9) 3 (1.6) 0.112
History of Heart Disease (yes) 209 (8.9) 18 (9.5) 0.758
History of Kidney Failure (yes) 15 (0.6) 2 (1.1) 0.491
IADL-ADL % (at least 1 item) disability 585 (24.8) 42 (22.2) 0.438
Depressive symptoms, DS (GDS > =5) 295 (12.5) 41 (21.7) 0.0003
Figures shown are n (%) or mean (SD)
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Table 2 Mortality (2004–2011) in SLAS cohort by living arrangement and other characteristics at baseline




P value Mortality rate per 1,000 p–y Univariate HR (95 % C.I.)
Total 2553 8062 227 (8.7) 2384 (91.3) 28.2
Age (mean, SD) 66.04 (7.7) 73.27 (9.4) 65.35 (7.1) <0.0001
<75 2221 7014 131 (57.7) 2138 (89.7) <0.0001 18.7 1.00
75–84 282 884 68 (30.0) 221 (9.3) 76.9 3.88 (2.90–5.20)
85+ 50 165 28. (12.3) 25. (1.0) 169.7 8.11 (5.37–12.25)
Female 1618 5095 99. (43.6) 1549. (65.0) <0.0001 19.4 1.00
Male 935 2967 128 (56.4) 835 (35.0) 43.1 2.36 (1.81–3.07)
Housing type: Higher end public and private 1780 5525 116 (51.1) 1706 (71.6) <0.0001 21.0 1.00
Low end (1–3 room) public 773 2537 111 (48.9) 678 (28.4) 43.8 1.51 (1.16–1.98)
No. medical comorbidities :
≤1
815 2631 46 (20.3) 787 (33.0) <0.0001 17.5 1.00
≥2 1738 5432 181 (79.7) 1597 (67.0) 33.3 2.06 (1.49–2.85)
History of Hypertension: No 1128 3549 74 (32.6) 1085 (45.5) 0.0002 20.9 1.00
Yes 1425 4514 153 (67.4) 1299 (54.5) 33.9 1.54 (1.16–2.03)
History of Diabetes: No 2114 6653 164 (72.3) 1995 (83.7) <0.0001 24.7 1.00
Yes 439 1409 63 (27.8) 389 (16.3) 44.7 1.77 (1.33–2.37)
History of Chronic Lung Disease: No 2461 7781 211 (93.0) 2301 (96.5) 0.011 27.1 1.00
Yes 92 268 16 (7.1) 78 (3.3) 59.7 2.19 (1.31–3.64)
History of Stroke: No 2459 7759 207 (91.2) 2303 (96.6) <0.0001 26.7 1.00
Yes 94 303 20 (8.8) 81 (3.4) 66.0 2.79 (1.76–4.43)
History of Heart Disease: No 2326 7313 180 (79.3) 2191 (91.9) <0.0001 24.6 1.00
Yes 227 730 47 (20.7) 186 (7.8) 64.4 2.50 (1.81–3.45)
History of Kidney Failure: No 2536 8009 225 (99.1) 2368 (99.3) 0.715 28.1 1.00
Yes 17 53 2 (0.9) 16 (0.7) 37.7 1.25 (0.31–5.02)
IADL–BADL % (at least 1 item) disability: No 1926 6003 98 (43.2) 1872 (78.5) <0.0001 16.3 1.00
Yes 627 2059 129 (56.8) 512 (21.5) 62.6 3.06 (2.35–3.99)
Depressive symptoms (GDS > =5): No 2217 6892 178 (79.1) 2078 (87.4) 0.0005 25.8 1.00
Yes 336 1141 47 (20.9) 300 (12.6) 41.2 1.39 (1.01–1.92)
Single, divorce, widowed: No 1909 6049 1802 (7.7) 141 (62.4) 23.3 1.00
Yes 644 1997 578 (24.3) 85 (37.6) <0.0001 42.6 1.93 (1.47–2.53)
Living alone: No 2364 7324 198 (89.6) 2166 (92.9) 0.044 27.0 1.00














Here we found that living alone, independently of age,
sex, socioeconomic, marital, and health status, was sig-
nificantly associated with increased mortality overall
among older persons living in Singapore. Older persons
who live alone are recognized to be a vulnerable risk
group in the population requiring special attention. Nu-
merous studies show that elderly people living alone in
the community are characterized by difficult living situ-
ations, limited resources and lack of support [45], and
in need of medical services, financial subsidy and social
and leisure activity setting [46]. The lack of informal
and formal support of family members and social ser-
vices in monitoring health condition, medical appoint-
ments [47] and caregiving [48, 49] is associated with
poor self–management of chronic disease and increased
risk of dying among the elderly who live alone.
Interestingly, in this population, we observed that
older persons living alone, compared to their counter-
parts, did not have more medical morbidities or physical
functional disability, which are established predictors of
mortality. The increased mortality associated with living
alone in this population could not therefore be attrib-
uted to poorer health and functional status, and adjust-
ment for these health–related variables did not reduce
the hazard ratio estimate. This finding is similar to that
reported in the NHANES I Epidemiologic Follow Up
Study in the United States which also found that older
persons living alone did not differ from those living with
others on the number of medical morbidities, and
adjusting for the number of chronic conditions did not
reduce the relative risk of mortality associated with liv-
ing alone [20].
As expected, a substantially greater proportion of
those living alone compared to those living with others
were unmarried (single, widowed or divorced), which
has been shown in this and many other studies to be
associated with increased mortality [35]. The inclusion
of marital status in the hierarchical model reduced the
hazard ratio estimate of association of living alone with
mortality. Being single, widowed or divorced was thus
an important factor contributing to the increased mor-
tality observed among older persons who love alone.
However, our analysis controlling for confounding by
marital status showed that living alone remained sig-
nificantly and independently associated with increased
mortality.
Prior studies have not uniformly shown that living
alone was associated with increased mortality, as some
studies have either reported no increased mortality
Table 3 Hierarchical Cox regression models of mortality associated with living alone: (mortality up to 31 Dec 2011)
HR 95 % CI p
Adjusted Socio–demographic status (base model) 1.80 (1.16–2.78) 0.009
Socio–demographic + health status 1.85 (1.17 –2.91) 0.008
Socio–demographic +marital status 1.47 (0.93–2.32) 0.099
Socio–demographic + health status +marital status 1.66 (1.05–2.63) 0.031
Socio–demographic status: age, sex and housing type
Health status: history of hypertension, diabetes, chronic lung disease, stroke, heart disease, kidney failure, IADL–BADL disability, GDS ≥ 5
Marital status: single, divorced/widowed versus married
Table 4 Hazard ratios of association of living alone with mortality in stratified Cox regression analyses (mortality up to 31 Dec 2011)
Adjusted for sex and age Adjusted for all variablesa Interaction
N HR 95 % CI p HR 95 % CI P p
Male 935 2.53 (1.39–4.61) 0.0023 2.36 (1.24–4.49) 0.009
Female 1618 1.15 (0.61–2.16) 0.664 1.14 (0.58–2.22) 0.705 0.106
Single, divorce, widowed 644 1.84 (1.06–3.18) 0.029 2.26 (1.24–4.10) 0.008 0.115
Married 1909 0.77 (0.28–2.11) 0.605 0.83 (0.30–2.31) 0.721
Higher end housing 1780 1.50 (0.55–4.13) 0.430 1.32 (0.47–3.72) 0.600
1–3 room public housing 773 1.61 (0.98–2.67) 0.063 1.67 (0.98–2.85) 0.058 0.600
<75 years 2221 2.69 (1.55–4.67) 0.0004 2.03 (1.09–3.78) 0.025
≥75 years 332 0.78 (0.37–1.63) 0.509 1.09 (0.50–2.40) 0.825 0.377
No IADL–BADL disability 1926 2.57 (1.44–4.61) 0.0015 2.12 (1.09–4.14) 0.027
IADL–BADL disability 627 1.00 (0.51–1.99) 0.993 1.21 (0.60–2.46) 0.595 0.305
IADL: Instrumental activity of daily living; BADL: Barthel Activity of daily living
aAge, sex, housing type, marital status, history of hypertension, diabetes, heart disease, chronic lung disease, stroke, kidney failure, IADL–ADL disability, and
depressive symptoms (GDS ≥ 5), as appropriate
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[20–23] or paradoxically decreased mortality [24–26].
This suggests that the impact of living alone on mortal-
ity may be heterogeneous across different populations
and studies [17, 18, 20, 23, 24, 28–31]. This is sup-
ported by data in this study. Although the significance
tests were not significant for a hypothesized specific
interaction at p < 0.05, substantively important interac-
tions with p < 0.15 were possibly present, especially for
sex and marital status, and should not be ignored.
Perhaps unsurprisingly, the increased mortality associ-
ated with living alone was clearly evident only among
men, whereas among women, living alone was not sig-
nificantly associated with increased mortality, consistent
with findings in prior studies [5, 15–17]. Given the lon-
ger life expectancy of women, a survival cohort effect
among women may explain this, but the difference be-
tween men and women in ability for self–care is another
mechanistic explanation, and requires further study.
Mortality associated with living alone appeared to be
particularly pronounced among those who were single,
widowed or divorced, and not at all among those who
were married. Thus, although living alone was shown
to have a negative impact on mortality independently of
the confounding influence of marital status, there was
possible effect modification by marital status, with its
mortality impact being exaggerated among those who
were single, widowed or divorced. Living alone and be-
ing single, widowed or divorced may be viewed to rep-
resent complementing objective measures of social
isolation and lack of social support, and together they
thus appear to amplify the risk of dying among older
persons. It is explicable that both factors share some
common mediating biopsychosocial pathways in terms
of the lack of both informal and formal support such
as in maintaining adequate nutrition, medication ad-
herence, monitoring health condition, keeping medical
appointments, caregiving and social–emotional well–
functioning which are related to health outcomes [50].
In agreement with prior studies [17, 18, 20], living
alone was found in this study to be associated with
higher mortality among younger participants, but
among older persons (aged 75 years and over), living
alone was not associated with increased mortality.
This paradoxical finding may be explained by the sur-
viving cohort effect in the oldest population group,
who represent the remnants from prior mortality attri-
tion at younger age of their peers. In the same vein,
authors have pointed out that older persons who live
alone are more likely to be a self–selected population
of those who are in good health and independent in
the basic activities of daily living. (28, 31)
Another paradoxical finding was that living alone was
associated with increased mortality among those who
were without physical functional disability; among those
with physical functional disability, no increased mortality
associated with living alone was found among those with
physical functional disability. This is also likely to be ex-
plained by the self–selection process. As pointed out by
previous authors, older persons with physical functional
dependency are less likely to be found living alone and
more likely to be found living with others [24]. Notably
in Singapore, all elderly persons are identified in a watch
list of vulnerable individuals for special attention and
support by local voluntary befrienders and welfare
workers. Because of this, it is possible that older people
found to be in poor health or functionally dependent are
likely to be placed with their family caregivers or in
nursing homes.
In this study, we thus highlight dimensions of the re-
lationship between living alone and mortality among
older persons that remain unclear with findings from
previous studies. We pointed out that in different study
populations, variable selection characteristics of older
persons living alone likely make for much heterogeneity
of effect estimates of the relationship. Hence variable
patterns of mortality risks associated with living alone
may be expected across different study populations and
internally among socio–demographic subgroups, espe-
cially by sex and marital status. Our results suggest that
this is likely to be so, and should be further investigated
in other population studies.
There are limitations in this study. Living arrange-
ment is not an all–encompassing measure of social sup-
port. As a surrogate measure of many components of
social support, it does not include a direct measure of
resource deprivation for example, or the amount and
quality of social contacts, and does not include subject-
ive measures of perceived support or loneliness. As
well, being unmarried was analysed as a surrogate for
living without spousal support, but does not include a
direct measure of the quality of spousal relationship.
Further studies should elucidate the mechanisms and
pathways through which social support influences health
outcomes including mortality. Further studies should also
investigate personal factors such as help–seeking behav-
iour, and its interactions with system factors of accessibil-
ity and effectiveness of health and social services in
influencing the relationship between social isolation and
health outcomes. For example, in some countries with
well supported services effectively serving high risk vul-
nerable groups of elderly living alone, there may be no ob-
servable risk of excess mortality.
The study has strengths in examining a population–
based cohort in an Asian setting that encompassed a
heterogeneous mix of population characteristics, rather
than a selected population of diseased or institutional-
ized individuals. With computerized record linkage to
the National Death Registry, the ascertainment for the
Ng et al. BMC Geriatrics  (2015) 15:126 Page 7 of 9
occurrence and date of death is virtually complete and
accurate for all–cause mortality. The model estimates of
the relationships between various risk factors and mor-
tality were robust, from including multiple confounding
co–variables in the models. Nevertheless, there remains
a possibility of residual confounding by unmeasured var-
iables such as cognitive status.
The findings in this study have important implications
for rapidly ageing populations in Asia and elsewhere
which are at various stages of socio–economic develop-
ment while meeting the mounting challenges of health-
care and social services for their ageing population. For
example, countries like China and Indonesia are “grow-
ing older without becoming rich”, whereas countries like
Singapore. Taiwan and Korea are “growing older but are
becoming rich”. Asian countries also differ substantially
on their health and long–term care support systems for
their elderly populations, among themselves and from
Western countries. Given the scarcity of such studies in
Asia, the excess mortality risk associated with living
alone observed among elderly people living in Singapore
is therefore noteworthy in the context of its high level of
economic development, but facing challenges and di-
lemmas in providing long–term care to its escalating
numbers of elderly people. The same challenges are
faced by other Asian countries such as Taiwan or Korea
which have national insurance for health services or
long–term care.
Conclusions
In conclusion, living alone was found to be associated with
increased mortality, independently of marital, health and
other variables. The impact of living alone on mortality
appeared to be stronger among men and those who were
single, divorced or married.
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